Abstract-The problem of estimating the electrical impedance characteristics was solved using the system of impedance diagnostics of blood circulation with the help of mathematical modeling. In this work, the geometry for mathematical modeling was reconstructed; its basic quantitative characteristics were calculated. The working capacity of the model is verified on the basis of theoretical data. An example was shown by using the model to select the optimal positions of the electrodes for conducting electrical impedance studies in rheoophthalmography. As a result, an example of simulation was shown.
INTRODUCTION
Mathematical modeling is one of the powerful tools of modern science [1, 2] . Unlike experimental studies, the methods of modeling make it possible to change the parameters, characteristics, and properties of the system under investigation in a wide range. Advances in computer technology make it possible to overcome the difficulties of analytical calculations in the study of complex models, which allows to obtain quantitative characteristics [3] .
Modeling has become widespread in the field of biomedical technology [4, 5, 6] . This is due to the fact that in the development of complex biomedical systems, mathematical modeling is the only way to assess the quality of their functioning in advance. Moreover, it allows to simplify the design phase synthesis and analysis processing of the data, the implementation of which requires digital computing devices, as well as optimizing control algorithms and external interaction with other systems.
In our paper, the task of estimating the electrical impedance characteristics is solved using the rheoophthalmography system [7, 8] with mathematical modeling. Rheophthalmography is an electrical impedance method for the studying pulse oscillations in the blood filling of the eye vessels, based on the graphical recording of changes in the total electrical resistance of tissues. Optimal positions for electrodes have been chosen and a model has been developed for further verification of the results obtained.
MATERIALS AND METHODS

A. Statement of the problem
It is necessary to determine the boundary conditions of the solving problem in the compilation of a mathematical model of any system. For the purpose of carrying out a numerical experiment, it is necessary to compile an algorithm for the numerical method for solving equations which is a mathematical model of the process under study. As a result, the model is refined itself and the algorithm is corrected [9] .
Methods of mathematical modeling techniques are dynamic systems theory. Tools -differential and difference equations, methods of qualitative theory of differential equations, computer simulation [10, 11] . In general, the purposes of modeling can be divided into three main groups: 1) elucidation of the mechanisms of interaction the elements of the system; 2) identification of model parameters from experimental data; 3) prediction of the behavior of the system under various external influences. In the framework of this paper we have interested in the accuracy of the data obtained, which can be attributed to the second group of modeling goals [12] .
B. The biobject analysis
The object of research is the frontal part of the head bloodstream, including the ophthalmic arteries. Diagnostic data of blood pulse are obtained with the help of the developed electrodes system. The electrical impedance method is a technique for obtaining diagnostic information by means of non-invasive electrical sounding [13] [14] [15] . It is possible to visualize the internal structures of bioobjects using the electrical impedance method due to the fact that different tissues have different electrical conductivity. Blood flow especially affects the electrical conductivity of the tissue. This method has widely used to study the circulation of the brain [14] .
The main problem arising in the development of electrode designs for electrical impedance measurement is the achievement of the required accuracy of the results [16] [17] [18] . To solve the problem, it is required to place the electrodes around the area under investigation with an accuracy of 5 mm. The selection of the necessary positioning points and verification of the developed structures is carried out by computer simulation.
In this paper, we consider an 6-electrodes system, which is located at eye level (see Fig.1 ). As a result, it is possible to obtain data of blood filling of the internal carotid, middle cerebral, anterior cerebral and ophthalmic arteries. The diameter of the eye artery is the smallest of the recorded arteries (varies in the range from 0.3 to 0.5 mm) [19] . In this work we will carry out simulation for this artery. The ophthalmic artery lies outside of the optic nerve, moving on its way through the optic canal into the orbit [20] . The ophthalmic artery is located only in the front of the head, so we accept the first assumption -in modeling we will consider only the front of the head [21] . The second assumption is that the distribution of equipotential flow lines in the layers of tissues will be enough to obtain data on the pulse blood filling.
C. Selection of modeling tools
In electrical impedance methods, it is proposed to use highfrequency currents that will pass through the bioobject. Accordingly, the mathematical apparatus will describe electromagnetic interactions taking into account the boundary conditions [15] .
Calculations will be made with the help of Netgen Mesh Generator. For calculation, it is necessary to determine electrical parameters of tissues. The main tissues considered in this simulation are bone, scalp, brain substance, eye, blood. Table I presents a summary of the set parameters [22] . 
D. Construction of the geometry of the bioobject
The images obtained with the help of magnetic resonance tomography were analyzed to take into account all the layers entering into the mathematical model. The Fig.2 shows a snapshot reconstructed from MRI data (the NeuroImaging & Surgical Technologies Lab laboratory database) [23] . [23] were analyzed for the further reconstruction of the object geometry. The averaged geometry of the object was constructed on the basis of received data. The model is represented in the Fig.3 . Since this model is intended only for determining the distribution of the probing current in the layers.
Six metal electrodes with a diameter of 5 mm are represented. The distance between the electrodes is fixed and has been chosen taking into account the anatomical structure of the skull (varies from 30 to 40 mm). The current source is located on the surface of the leftmost electrode; the current strength is 3 mA [24] . The electrodes located between themthe measuring electrodes (see Fig.3 ). 
E. Setting the basic simulation parameters
After downloading the obtained geometry of the bioobject into the software package, it is possible to specify parametersthe values of conductivity and relative permittivity for all layers.
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The calculations have been carried out by the finite element method. The propagation of equipotential flow lines (see Fig.4 ) have been analyzed at time t = 0 s at an artery radius r = 0.5 cm. The Table II shows an example of the resulting array of current density distribution values for the example of 5 equipotential lines (considered points are indicated in the Fig.4 for one line) . 
RESULTS
The main parameter for studying the hemodynamics of the eye vessels is the calculation such a significant parameter as stroke volume. The values of the stroke volume obtained by the Doppler ultrasound method were compared with the results obtained on the basis of model values. The values of stroke volume were calculated for three cardio cycles. The Doppler ultrasound signals were taken from the database [25] . Table 3 shows the obtained values on one example. 
Limit of permissible error of quantities is +/-10%
For a sample of 20 signals, the mean value of the RMS did not exceed 0.3, which may indicate the verification of the obtained model.
The practical application of the developed model can be the studying the relationship between blood filling of tissues and electrical conductivity. In particular, within the framework of this work, a study was made, based on the developed model, on the effect of changing the geometry of the object under consideration on electrical conductivity (Table 4) . In the second part of the study, the resistivity values were varied with the unchanged geometry of the object (Table 5) . 
Comparing the values of Table 4 and 5, it is obvious that the obtained values of resistances have significant differences. This may be due to fairly coarse changes in electrical conductivity. Thus, we can conclude that this model is workable, but it requires the specifications of certain parameters.
CONCLUSION
As a result of this work, a mathematical model has been developed to study the pulse blood filling of the anterior part of the head. In the future, it will allow to determine the levels of diagnostic signals, by changing the position of electrodes, to evaluate the accuracy of the obtained results.
